Technological change is a central element in macroeconomic growth explanation. Endogenous growth models take a revolutionary step towards better understanding the economic growth process by deriving technological change from profit-motivated individual behavior. In endogenous growth theory knowledge spillovers play a fundamental role in the determination of the rate of technological progress. As such the efficiency of transmitting knowledge into economic applications is a crucial factor in explaining macroeconomic growth. Endogenous growth models take this factor exogenous. We argue that variations across countries in entrepreneurship and the spatial structure of economic activities could potentially be the source of different efficiencies in knowledge spillovers and ultimately in economic growth. We develop an empirical model to test both the entrepreneurship and the geography effects on knowledge spillovers. To date the only international data that are collected on the basis of exactly the same principles in each country are the Global Entrepreneurship Monitor (GEM) data. We use the 2001 GEM cross-country data to measure the level of entrepreneurship in each particular economy. For this purpose we apply the TEA index developed within the framework of the GEM project and calculated for each country participating in this international research. Additionally, data on employment, production, patent applications, public and private R&D expenditures originating from different international and national sources are applied in the paper.
Introduction
The story of the entrepreneurial process often told in the literature is one of the entrepreneur recognizing and acting on an unexploited opportunity. This opportunity frequently, but not always, exists in a crowded space of research universities, Paul Romer has developed a theory that explains economic growth through the accumulation of technological knowledge. The economy grows endogenously through the accumulation and spillover of knowledge. The seminal contribution of Romer (1986 Romer ( , 1990 to the literature on economic growth was to endogenize technological change within an economy, thereby providing a more realistic explanation of economic growth than the neoclassical theory that focuses purely on the role of investment in physical capital or increases in the supply of labor. However, the theory offers no insight into what role if any entrepreneurship and agglomeration play in economic growth. In other words, it does not answer the question, "What is the role of entrepreneurship and agglomeration in technological change at the national level?"
The answers to this question can be pursued through the lens of the "new" economic geography and the modern theory of entrepreneurship. The distinguishing characteristic of the new economic geography literature is that it studies the economy within a framework that integrates space into general equilibrium theory (Krugman, 1991) . One aspect of economic geography is agglomeration of knowledge. The new economic geography literature over the past decade has tried to explain the development and the role of geographic structures in economics and one of the important questions is related to the role of agglomeration in technological change and ultimately in macroeconomic growth.
The recent literature on entrepreneurship has shifted the emphasis in entrepreneurship from cultural and psychological traits to the exploitation of technological opportunity by profit seeking agents (Acs and Audretsch, 2003) .
However, we are a long way from having a formal theory of entrepreneurship.
Entrepreneurship research has recently become interested in the relationship between entrepreneurship and economic growth. If entrepreneurs play an important role in the exploitation of technological opportunity the impact of entrepreneurship on growth becomes an important research question. This is one of the central questions pursued by the GEM program.
Both the relationship between geography and technological change and between entrepreneurship and technological change is interesting because these lines of research may prove fruitful in better explaining economic growth. However, both approaches have severe limitations. While there have been several attempts to model endogenous growth theory and endogenously generated spatial structures this work is still in its infancy as the answering of the question is hampered because there is no space in growth theory and (at least until the very recent attempts) the role of spatial structure in technological change has been missing in the new economic geography. conditioned by entrepreneurship and agglomeration effects while controlling for spillover effects from the stock of knowledge.
We make three original contributions. First, we extend the Romer (1990) model to account for entrepreneurship and agglomeration effects in the spillover of knowledge. Second, we develop a novel empirical framework to test this relationship.
Third, we use a new and novel data set from the Global Entrepreneurship Monitor (GEM) project to test the effects of entrepreneurship on knowledge spillovers in the European Union. Section 2 examines the relationship between the new economic geography, knowledge spillovers and economic growth and the relationship between entrepreneurship, knowledge spillovers and economic growth. Section 3 extends the basic Romer model, develops the empirical specification and presents the data.
Section 4 has the results and the final section has the conclusions. We find significant empirical support for the Romer model, where the coefficient on the stock of knowledge is significant but less then one. We find weak support for the hypothesis that both agglomeration effects and entrepreneurship facilitate the knowledge spillover mechanism of new knowledge in economic growth.
Entrepreneurship and Agglomeration
Technological change is the single most important factor in long-run macroeconomic growth (Solow 1957) . In endogenous growth theories the technological element of the growth process is directly modeled within the economic system as a result of profit motivated choices of economic agents. Recently published findings in entrepreneurship research and in the studies of the geography of innovation and the new economic geography suggest that the extent to which a country is "entrepreneurial" and its economic system is spatially agglomerated could be a factor that explains technological change. In this section we outline these literatures from the economic growth perspective.
Entrepreneurship and technological change
In their efforts to define a distinctive domain for the field of entrepreneurship researchers have recently shifted attention way from equilibrium approaches, which focus on identifying those people in society who prefer to become entrepreneurs, towards the individual-opportunity nexus (Shane and Venkataraman, 2000) . This new focus has been prompted by the need for scholars to explain the existence of opportunity, the identification and discovery of opportunity and the process of exploitation (Shane 2003) . Any explanation of entrepreneurial opportunity requires a discussion of where these opportunities come from and from the point of technological change it becomes important to identify the source of technological opportunity.
The origins of the discussion about the existence of opportunity can be traced to Joseph Schumpeter (1934) . Schumpeter believed that the existence of opportunity required the introduction of new knowledge not just differentiated access to existing knowledge (Kirzner, 1973) . One source of new knowledge came from changes in technology. These technological opportunities are innovative and break away from existing knowledge. Opportunity therefore comes in part from the research and development (R&D) process that takes place in society. Technological change is an important source of entrepreneurial opportunity because it makes it possible for people to allocate resources in different and potentially more productive ways (Casson, 1995) .
However, as was pointed out by Arrow (1974) the link between knowledge and economic knowledge is now well understood. The central problem is a gap in our understanding between technological change and the market that come into existence based on that innovation-a gap in our understanding of economics that is filled by the notion of entrepreneurial opportunity. An entrepreneurial opportunity consists of a set of ideas, beliefs and actions that enable the creation of future goods and services in the absence of current markets for them.
If technological opportunity is in part created by the production of new knowledge how is this opportunity discovered? One way in which people discover technological opportunity is through knowledge spillovers. Entrepreneurial discovery is in fact a process of knowledge spillover where knowledge is a non-rival good. Once entrepreneurs discover new opportunities, which are only partially excludable, they have the chance to exploit the opportunity. While most R&D is carried out in large firms and universities it does not mean that the same individuals that discover the opportunity them will carry out the exploitation. In fact, because knowledge spills over, one person may discover an opportunity and another may exploit it.
The uncertainty inherent in new economic knowledge, combined with asymmetries between the agent possessing that knowledge and the decision making of the incumbent organization with respect to its expected value that potentially leads to a gap between the valuation of the knowledge. This initial condition of not just uncertainty but greater degree of uncertainty vis-à-vis incumbent enterprises in the industry is captured in the theory of firm selection and industry evolution proposed by Jovanovic (1982) . An implication of the theory of firm selection is that new firms may begin at a small scale of output, and then if merited by subsequent performance expand. What emerges from the new evolutionary theories and empirical evidence on the role of new firms is that markets re in motion, with a lot of new firm entering the industry and lots of firms leaving (Audretsch, 1995) . The empirical evidence supports such an evolutionary view of the role of new firm (Sutton, 1997; Caves, 1998) .
The empirical evidence supports the argument that technological change is a source of entrepreneurial opportunity. The evidence is indirect since we cannot measure the existence of opportunity. Two important proxy measures of the existence of entrepreneurial opportunity are the tendency of people to engage in selfemployment and the tendency of people to start new firms. Acs and Audretsch (1989) found that small entrepreneurial firms play a key role in generating innovations, at least in some industries. Blau (1987) examined self-employment rates in the United
States over a two-decade period and found that an increase in the rate of technological change led to an increase in the self-employment rate. Shane (1996) The process by which knowledge spills over from the firm producing it for use by a third-party firm is exogenous in the model proposed by Romer (1990) . The emphasis was on the influence of knowledge spillovers on technological change without specifying why and how new knowledge spills over. Yet, the critical issue in modeling knowledge-based growth rests on the spillover of knowledge. This was to some extent remedied by the neo-Schumpeterian models of endogenous growth (Schmitz 1989 , Segerstrom, Anant and Dinopoulos 1990 , Segerstrom 1991 , Aghion and Howitt 1992 , Cheng and Dinopoulos 1993 . These neo-Schumpeterian models design entrepreneurship as an R&D race where a fraction of R&D will turn into successful innovations.
While this implies a step forward, the essence of the Schumpeterian entrepreneur is missed. The innovation process stretches far beyond R&D races that predominantly involve large incumbents and concern quality improvements of existing goods. As pointed out by Schumpeter (1947) "the inventor produces ideas, the entrepreneur 'gets things done' ….. an idea or scientific principle is not, by itself, of any importance for economic practice." Indeed, the Schumpeterian entrepreneur, by and large, remains absent in those models. Acs, et al (2004) develops a model of how the "pure" Schumpeterian entrepreneur influences the spillover of non-codified tacit knowledge and how knowledge production can be more or less smoothly filtered and substantiated into economic growth. The paper develops a theoretical model that introduces a filter between new knowledge and technological change and identifies entrepreneurship as a mechanism that reduces the knowledge filter. In this model the value of the parameter on knowledge production falls between zero and one.
Agglomeration and Technological Change
As long as the knowledge necessary for technological change is codified (i.e., it can be studied in written forms either in professional journals and books or in patent documentations) the access to it is essentially not constrained by spatial distance: among other means libraries or the Internet can facilitate the flow of that knowledge to the interested user no matter where the user actually locates. However, in case knowledge is not codified for several reasons such as it is not yet completely developed or it is so practical that it can only be transmitted while knowledge is actually being applied the flow of it can only be facilitated by personal interactions.
Thus for the transmission of tacit knowledge (Polanyi 1967 ) spatial proximity of knowledge owners and potential users appears to be critical. and as such the same knowledge generated by research in the area spills over to potentially more applications. Larger regions also offer a wider selection of producer services essential in technological innovation (e.g., information technology, legal, marketing services) contributing to a larger number of new technologies developed from the same knowledge base generated by (public and private) research in the area.
Agglomeration of research, industry and the producer services sector is a significant factor in technological change as it facilitates knowledge spillovers. How do those agglomerations emerge in space? The new economic geography literature provides a general equilibrium framework where spatial economic structure is endogenously determined simultaneously with equilibrium in goods and factor markets (Krugman 1991, Fujita, Krugman and Venables 1999) . This is a real breakthrough in economics given that before the appearance of the new economic geography no any school of economics since von Thünen's Der Isolierte Staat in the early nineteenth century had been able to build an economic model where the development of spatial structure is treated endogenously within a general equilibrium framework (Samuelson 1983) . It is right to say that the new economic geography presents "a new recipe with old ingredients" as many of the elements of the system (such as that the equilibrium spatial structure results from the interplay of centripetal forces (e.g., increasing returns to scale or agglomeration economies) and centrifugal forces (e.g., transportation costs) or that regional growth can best be explained as a cumulative process enforced by agglomeration economies) had already been developed in regional economics and in the "traditional" economic geography (Ottaviano and Thisse 2004) .
The most recent models in the new economic geography incorporate the effects of knowledge spillovers on the formation of spatial economic structure as well as they provide the first attempts to explicitly integrate the two "new" schools of (according to the endogenous growth theory) then it is not an unrealistic assumption that spatial economic structure affects macroeconomic growth.
Unfortunately, empirical investigations in the area of agglomeration and macroeconomic growth are still relatively uncommon in the literature. The very few exceptions include Ciccone and Hall (1996) , Ciccone (2002) and Varga and Schalk (2004) . The following section presents the empirical modeling framework to integrate entrepreneurship and agglomeration into the explanation of technological change (and implicitly into the explanation of macroeconomic growth).
The empirical modeling framework
Our framework for empirical investigations is based on the Romer (1990) model of aggregate knowledge production as extended by Jones (1995) . One of the most original contributions of Romer (1990) is the separation of economically useful scientific-technological knowledge into two parts. The total set of knowledge consists of the subsets of non-rival, partially excludable knowledge elements that can practically be considered as public goods and the rival, excludable elements of knowledge. Codified knowledge published in books, scientific papers or in patent documentations belongs to the first group. This knowledge is non-rival since eventually it can be used by several actors at the same time and many times historically. On the other hand it is only partially excludable since only the right of applying a technology for the production of a particular good can be guaranteed by patenting while the same technology can spill over to further potential economic applications as others can study the patent documentation. Rival, excludable knowledge elements include the personalized (tacit) knowledge including particular experiences, insights developed and owned by the researchers themselves.
Equation (1) presents the manner the two types of knowledge interact in the production of economically useful new technological knowledge.
(
where H A stands for the number of researchers working on knowledge production in the business sector, A is the total stock of technological knowledge available at a certain point in time whereas Å is the change in technological knowledge resulted from private efforts to invest in research and development. δ, λ and φ are parameters.
The particular functional form of knowledge production in (1) is explained by the assumption of Romer (1990) that the efficiency of knowledge production is enhanced by the historically developed stock of scientific-technological knowledge. Even the same number of researchers becomes more productive if A increases over time. A is assumed to be perfectly accessible by everyone working in the research sector.
However, as follows from the modification of Jones (1995) spillovers from the stock of codified knowledge might not be perfect. Hence the value of the aggregate codified knowledge spillovers parameter φ should be between 0 and 1. Equation (1) plays a central role in economic growth explanation since on the steady state growth path the rate of per capita GDP growth equals the rate of technological change (Å/A).
However, not only codified but also non-codified, tacit knowledge can spill over as detailed in the previous section. The value of λ in (1) reflects the extent to which tacit knowledge spills over within the research sector. Based on the literature we assume that these spillovers are influenced largely by the agglomeration of the economy as well as by the level of entrepreneurial activity in the country.
To empirically investigate the extent to which entrepreneurship and agglomeration affect knowledge spillovers we create an empirical model in which we endogenize the parameter λ in (1).
(2) log(NK) = δ + λlog(H) + φlog(A) + ε (3) λ= (β 1 + β 2 log(ENTR) + β 3 log(AGGL))
where NK stands for new knowledge (i.e., the change in A), ENTR is entrepreneurship, AGGL is agglomeration, A is the set of publicly available scientific-technological knowledge and ε is stochastic error term. Implementation of (3) into (2) results in the following estimated equation:
(4) log(NK) = δ + β 1 log(H) + β 2 log(ENTR)log(H) + β 3 log(AGGL)log(H) +
φlog(A) + ε
In (4) the estimated values of the parameters β 2 and β 3 measure the extent to which research interacted with entrepreneurship and agglomeration contributes to knowledge creation.
In the estimation of (4) This was below the North American average of 11.3 percent and the developing countries averages of 14.5 percent (Reynolds, et. al., 2001 ).
In empirically estimating equation (4) two issues should get particular attention: multicollinearity (because H appears three times in the equation) and heteroscedasticity (since the expected heterogeneity of the country-industry dataset). What do these results suggest for entrepreneurship and agglomeration? Table 2 shows the coefficients for knowledge spillovers for nine countries with and without the effect of entrepreneurship and agglomeration. As shown in column two Table 1 ). This number is relatively small with respect to the 0.8 elasticity found for the total stock of knowledge.
Empirical Results
One would suspect that entrepreneurship would be able to significantly raise Ireland and Hungary, two countries with one very large city in each country the agglomeration effects and entrepreneurship increase knowledge spillovers from the R&D effort. However, both of these countries have followed a model of growth that has relied on large-scale direct foreign investment to foster economic growth over the years (Acs and Szerb, 2004. If one wanted to increase technological change in the European Union more agglomeration of economic activity and entrepreneurial activity in Germany and
France may increase the amount of knowledge spillovers and led to more growth.
Increasing of Research and Development expenditures, without increasing entrepreneurial activity may not achieve the same result as if it was accompanied by entrepreneurial activity . These results are broadly consistent with
Michelacci (2003) and entrepreneurship may indeed be important. However, we found no relationship between the two in this paper.
Conclusion
In this paper we have tested a modified endogenous growth model to ascertain the impact of agglomeration effects and entrepreneurial activity on technological change.
Specifically we tested the impact of technological entrepreneurship and agglomeration effects on the spillover of new knowledge in economic growth. We find that the endogenous growth model developed by Romer (1990) does a good job of modeling economic growth. We also found support for the Jones (1995) assumption that the spillover effects from codified knowledge is less than one.
The effects of agglomeration effects on technological change are positive and statistically significant. The effect of entrepreneurship on technological change is positive but only marginally significant. When the interactive terms are taken into account the regression fit increases only slightly. Consequently we found significant, but weak effects of agglomeration and entrepreneurship on technological change for selected European countries. Given an elasticity of only 0.30 between research and technological change one would expect that this parameter could be raised. Recent work on the Knowledge Filter by Acs, et al (2004) suggests that reducing the filter between research input and economic output may increase economic growth.
